IIIIIIIIIIIIIIIIIIIII1II1IIIIIII 

<5j) Publication number: 0 529 459 B1 



@ EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification : (si) Int. CI.*: G03F 7/00, G03H 1/18 

1S.03.95 Bulletin OS/11 

© Application number : 02113089.5 

@) Date of fling : 17.u8.S2 



Dry film pr 



Priority : 27.0ft.O1 US 700270 



ition of a 
03.03.93 Bulletin 03/00 



@ PuMfcaHon of^e |«nt 
@) Designated Contracting 



i of reeponeo of hologr 




s 
S 




Poetfach 10 22 41 
: K5ln (DE) 



Within nirM 
person may give 
Notice of opposition 



months from the publication of the mention of the grant of the European 
notice to the European P aten t Office of opposition to the European p at en t 
shall be filed In a written reasoned statement. It shall not be deemed to ' 
Ition fee has been paid (Art. 99(1) 



Jouwb, 18, run SaW-Dente, T8001 PARIS 



!P O 529 4S9 B1 



Description 

This Invention relates to refractive Index Imaging and. more particularly, to a process for altering the wa- 
velength of response of a volume phase reflection hologram. 

s Volume phase reflection holograms In general only reflect a single wavelength of light and thus produce 

a monochromatic reconstructed Image. To produce multicolor reconstructed Images, one must Image a series 
of holograms in the same recording material. This is a difficult and time consuming process. 

In one approach, a panchromatic recording material is selected that Is sensitive to a broad spectrum of 
visible radiation. A series of holograms is imaged in the material by exposure to different wavelengths of light. 

fo Weber et aJ.. for example, disclose Imaging a photopolymer holographic recording material with 647 nm. 526 
nm, and 4-76 nm light to produce a three color holographic mirror In Practical Holography IV. Proe. GPIE. 1212, 
pp 30-39 (1 990). This approach, however, requires incorpo r ation of sensitizing dyes to achieve response to 
the various wavelengths. Each dye must fade with time, or the dye itself will impart color to the hologram. Also, 
the intensity of each exposure must be carefully controlled to consume only a portion of the monomer available 

is in the recording material so that monomer will be available for subsequent exposures to create the other colors. 
Thus, the resulting colored hologram may not be as bright as desired. 

In another approach, all exposures are conducted at the same wavelength, with the recording material be- 
ing progressively swollen or shrunk following each exposure. T. J. Cvetovich. for example, describes a process 
wherein a recording medium is exposed sequentially to a series of master holograms In Applications of Holog- 

20 raphy. Proc SPIE. 523. pp 47-51, 1965. The recording medium is swollen with triethanol amine prior to the 
first exposure and progressively dried prior to each succeeding exposure. It Is difficult to reproducibly process 
holograms using this approach, however, because of the difficulty of reliably controlling the amount of swelling 
or shrinkage in wet processing. 

In U.S. A 4.959.263. corresponding to EP O 407 772 A2 a process is disclosed for altering the wavelength 

23 of response of a hologram. Following exposure and development of the hologram, a dry film diffusion element 
is laminated to it. Material is allowed to diffuse into or out of the hologram altering its wavelength of response. 
However, this process only changes the wavelength of response of the entire hologram and does not produce 
a multicolor hologram. 

Thus, there is a continuing need for a practical method for forming multicolor holograms. 

so The present invention provides a process for forming a multicolor volume phase hologram in a substantially 

solid, transparent, photosensitive film element according to claim 1 . Further embodiments can be found in the 
dependent claims. The diffusion element may be exposed Imagewise to create a half-tone or continuous tone 
image of residual monomer that migrates Into the f ibn element during the contacting step to selectively swell 
desired portions of the hologram. The process is readily repeated to form multicolored holograms. Alternatively, 

35 a diffusion element may be subjected to multiple Irradiations that form a desired pattern, of varying monomer 
concentration, that migrates during the contacting step. 

The invention provides a process for selectively altering the wavelength of response of a volume phase 
reflection hologram. A diffusion element containing a monomer, a binder, and a photolnltlator system Is lam- 
inated to a photosensitive film element after the element has been imaged to record a reflection hologram. 

*o The diffusion element Is Irradiated to polymerize at least a portion of the monomer, thereby controlling the 
amount of monomer which diffuses into the hologram. Irradiation of the diffusion element may be carried out 
either before or after the lamination step and may be carried out in an imagewise fashion to selectively alter 
the response of a portion of the hologram. Multiple irradiations of a single diffusion element or multiple diffusion 
elements may be used to produce multicolor holograms. Multiple irradiations of a single diffusion element or 

*5 multiple diffusion elements also may be used to selectively control playback wavelength or diffraction effi- 
ciency in selected areas or continuously over selected areas. 

The diffusion element is a dry film that comprises a monomer, an initiator system, and a binder, on a sup- 
port. When the diffusion element la laminated to a film element that contains a volume phase reflection holo- 
gram, the monomer diffuses into the film element; thereby increasing the wavelength of light reflected by the 

90 hologram. The shift is fixed by polymerizing the monomer following diffusion. 

Any of the numerous conventional photopolymerizable monomers may be used In the film provided the 
selected monomer is diffusible into the recording medium and compatible with It. If the holographic recording 
medium is a photopolymer. the monomer may be the same as that contained in the recording medium, a mono- 
mer with a similar refractive Index, a totally different monomer, or a mixture of various monomers. 

» The initiator system may be any of the conventional initiator systems used in photopolymerizable compo- 

sitions. Examples of such Initiator systems are described below. Initiator systems that do not contain a com- 
ponent which absorbs visible radiation may be used to advantage. Diffusion of materials that absorb visible 
light may impart unwanted color to the final hologram. Initiator systems that do not absorb visible light can not 



EP O 529 459 B1 



be irradiated by visible radiation. 

The binder may be any of the conventional binders used in photopoJymertzabJe compositions. Examples 
of such binders are described below. If the film and recording medium have the same binder or if the binder 
of the film is a compatible transparent material, the diffusion element may be permanently laminated to the 

8 photosensitive film to serve as a protective overcoat. 

Additional components may be present In the film provided they are compatible with the composition and 
are either non-diffusible into the recording medium or do not adversely affect the properties of recording me- 
dium. For example, the diffusion element may contain piasticlzers. thermal stabilizers, coating aids, ant I hala- 
tion agents, and the like that are commonly added to photo pciymerizabie compositions. 

fo The diffusion element generally has a au pporL The support may be any d imenskmaliy stable material typ- 

ically used with photopolymer films. A transparent support Is required if Irradiation is to be carried out through 
the support. Preferred support materials are polymer f iims. such as polyethylene, polypropylene, cellulose, and 
polyethylene terephthalate film. The element also may have a coversheet to protect it until ready for use. The 
coversheet generally is a polymer film, such as polyethylene, polypropylene, or polyethylene terephthalate. 

1* The diffusion element may be prepared using conventional coating techniques. The ingredients of the dry 

film are dissolved In a suitable solvent, coated onto the support, and the solvent evaporated. After the solvent 
has evaporated, the coversheet is lamhated to the dry film. Alternatively, the dry film may be coated onto the 
coversheet. and the support laminated to the dry film. 

In the process of this Invention, the diffusion element Is irradiated to polymerize at least a portion of the 

so monomer, thereby controlling the amount of monomer that diffuses Into the recording medium. Irrad iation may 
be carried out either before and/or after the d Iff us ion element Is laminated to the recording medium comprising 
the hologram. The diffusion element Is Irradiated in an Imag owtoo fashion. 

If irradiation is carried out before lamination, the coversheet is typically left in place and irradiation carried 
out through the support. The coversheet is removed from the diffusion element, and the revealed side of the 

25 irradiated diffusion element laminated to the recording medium comprising the hologram. 

If Irrad it Ion is to be carried out after lamination, the coversheet is removed from the diffusion element, 
and the revealed side of the diffusion element laminated to the recording medium comprising the hologram. 
Typically the diffusion element support is left in place following lamination so that it functions as a coversheet 
for the diffusion element. After it Is laminated to the recording medium, the diffusion element is typtcaly irra- 

so d hated through the diffusion element support. Irradiation may be carried out Immediately following lamination 
before a substantial portion of the monomer has diffused. Alternatively, or additionally, irradiation to stop or 
limit diffusion may be carried out after a substantial portion of the monomer has diffused. 

Alternatively, or additionally, irradiation may be carried out in an image wise fashion before lamination, Im- 
mediately following lamination, and/or after a substantial portion of the monomer has diffused. Imagewlse ir- 

3S radiation may be conveniently carried out through a half-tone or a continuous tone transparency. Other means 
of imagewise irradiation include exposure through a transmissive device, such as a liquid crystal display, and 
exposure using a scanning laser, electron beam, or the like. Imagewise irradiation polymerizes at least a portion 
of the monomer in the exposed regions of the diffusion element without polymerizing monomer In the unex- 
posed regions. More monomer is available for diffusion from the unexposed regions than from the exposed 

*o regions. Following diffusion, the regions of the hologram in contact with the unexposed regions of the diffusion 
element will be shifted to longer response wavelengths than the regions of the hologram in contact with the 
exposed regions of the diffusion element 

A similar process. In which un polymerized monomer In the holographic film dlff*s&@« out into the diffusion 
element, results in a blue shift of the playback wavelength. Patternwise exposure of the diffusion element con- 

49 trais the monomer concentration gradient between the holographic film and diffusion element 

Different regions of the diffusion element may be exposed In such a way that differing amounts of mono- 
mer are polymerized In each region. Since differing amounts of monomer will be available to diffuse from each 
region, each portion of the hologram In contact with each region will be shifted to a different wavelength. In 
this manner, a multicolor hologram may be produced. Alternatively, or additionally, differing regions of the dif- 

ao fusion element may be irradiated to stop or limit diffusion after differing amounts of diffusion have taken place. 

Two or more diffusion elements may be prepared by exposure to Irradiation through a continuous or half- 
tone screen. After the first diffusion element has been laminated to the film element, and the desired amount 
of diffusion has occurred, the diffusion element is removed and the procssss* repeated with the next diffusion 
element. The diffused monomer may be polymerized after each contact, or after contact with the last diffusion 
element. A multicolor hologram may be produced in his manner. 

The film element Is a holographic recording medium. I.e., a photosensitive material. Typically, the element 
also has a substrate that provides dimensional stability to the photosensitive material. In acme cases, a cov- 
ersheet may be present 
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Holograms are recorded in materials that produce a spatial pattern of varying refractive index, rather than 
optical density, when exposed to light. Holographic recording materials are described in a number of referenc- 
es, such as. for example. L. Solymer and D. J. Cook, volume Holography and Volume Gratings. Academic 
Press. New York. 1981. Chapter 10. pp 254-304 and J. W. Gladden and R. D. Leighty. in "Recording Media". 

a in Handbook of Optical Holography. H. J. Caufieid. ed.. Academic Press. New York. 1979. pp 277-298. Pre- 
ferred recording materials for use In the proc os o oD of this Invention are photopolymerizable compositions, di- 
chromated gelatin, and silver halide emulsions. 

Photopolymerizable compositions are disclosed in U.S. -A 3.658.526; U.S. -A 3.993.485; U.S. -A 4.535.041 
and 4.588.664. Preferred photopolymerizable compositions are disclosed in U.S. -A 4.942.1 02: U.S. -A 

to 4.942.112: U.S.-A 4.959.284: and U.S. -A 4.963.471 . In the pre fe rred compositions either the monomer or the 
binder has one or more moieties selected from the group consisting of (1) an aromatic moiety selected from 
the group consisting of 0) substituted or unsubstituted phenyl. (II) substituted or unsubstituted naphthyl. and 
<HQ substituted or unsubstituted heterocyclic aromatic moieties having up to U i iee rings: (2) chlorine: <3) bro- 
mine, and mixtures thereof; and the other constituents are substantially free of said moiety. Compositions In 

is which the monomer contains the indicated moiety are more preferred. 

For systems in which the monomer contains the Indicated moiety and the binder Is free of the indicated 
moiety, preferred liquid monomers are: 2-phenoxyethyl acrylate. 2-phenoxyethyl m e t h acr y late. phenol ethox- 
ylate monoacrylate. 2-(p-chlorophenoxy)ethyl acrylate. p-chioro phenyl acrylate. phenyl acrylate. 2-phenyle- 
thyl acrylate. 2-(1-naphthyloxy)ethyl acrylate. o-blphenyl methacrylate. o-biphenyl acrylate. ethyl 1 -benzoyl- 

20 2-vinyl-1 -cyclopropane carboxylate and mixtures thereof. Pr e ferred solid monomers, which may be used to ad- 
vantage in combination with liquid monomers are: N -vinyl c arbazole; 2,4.6-tribromophenyl acrylate or metha- 
crylate; pentacHorophenyl acrylate or methacrylate: 2- naphthyl acrylate or methacrylate: 2-(2-nephthyloxy- 
) ethyl acrylate or methacrylate; and mixtures thereof. Preferr e d binders for use in these systems are: cellulose 
acetate butyrate; poly( methyl methacrylate); polyvinyl butyral); polyvinyl acetate); and fluorine containing 

23 binders containing 3 to 25% by weight fluorine, such as copolymers of vinyl acetate with tetraf luoroethylene 
and/or hexafluoropropylene. For reflection holograms, the preferred binders are poiy(vfnyl butyral). poiy(vinyl 
acetate), and copolymers of vinyl acetate with tetrafluoroethylene and/or hexafluoropropylene containing 3 to 
25% by weight fluorine, such the 82:18 (mole%) vinyl acetate/tetraf luoroethylene copolymer. 

For systems in which the binder contains the indicated moiety and the monomer is free of the indicated 

30 moiety, preferred monomers are: triethyleneglycol diacrylate and di methacrylate. dlethytenegtycol diacrylate. 
decanediol diacrylate. ethoxyethoxyethyl acrylate. iso-bornyl acrylate. ethyl 1 -acetyl-2-vinyl-l -cyclopropane 
carboxylate. ethyl 2- vi nylcyclo props ne- 1 . 1 - d icarboxy I ate and mixtures thereof. P r eferred binders for these 
systems are: polystyrene and copolymers containing at least about 60% styrene. Particularly preferred binders 
include polystyrene. 7526 poly(styrene/acrylonitrile). and 70:30 poly(styrene/ methyl methacrylate). as well as 

as mixtures thereof. 

If crosslin king of the photopolymer is desired, up to about five weight percent of at least one multifunctional 
monomer containing two or more terminal ethylenically unsaturated groups may be incorporated into the com- 
position. The polyf unction al monomer must be compatible with the other components of the composition and 
is pre fe rably a liquid. Suitable multifunctional monomers Include di-{2-acryloxyethyl)ether of bisphenol A. 

*o ethoxylated bisphenol A diacrylate. and the like. Ethoxylated bisphenol A diacrylate Is preferred. 

The initiator system has one or more compounds that directly furnish free-radicals when activated actinic 
radiation. By "actinic radiation" is meant radiation that is active to produce the free-radicals ne c ess ary to initiate 
polymerization of the monomeric material. The system may contain a number of compounds, one of which 
yields the free-radicals after having been caused to do so by a sensitizer activated by the radiation. The pho- 

45 toinitiator system typically contains a photoinltlator and a sensitizer that extends the spectral response of the 
system to the wavelength of the actinic radiation, typically the vtsfele or near Infrared spectral region. 

A large number of conventional initiator systems may be used. Photoreducfele dyes and reducing agents; 
ketones; qulnones; dye-bora te complexes as disclosed in U.S.-A 4,772.641 ; and trichioromethyl triazlnes as 
disclosed in U.S.-A 4.772.534 and 4.774.163 can be used to initiate photoporymerization. A useful discussion 

so of dye sensitized photo polymerization Is "Dye Sensitized Photoporymerization" by D. F. Eaton in Adv. In Pho- 
tochemistry. Vol. 13. D. H. Vblman. G. S. Hammond, and K. Go! I nick. eds.. Wlley-lntersclence. New York. 
1986. pp. 427-487. 

Preferred initiator systems are 2.4.5-tripheny I -I mkJazolyl dimers. These compounds are disclosed in: U.S.- 
A 3.479.1 86; Gesoon. U.S. Patent 3.784.557; U.S.-A 4.31 1.783: and U.S.-A 4.622.286. Preferred 2,4.5-trtphe- 
ss nyl-imkJazolyt dimers include CDM-HABi, i.e.. 2-(o-chlorophenyl)-4.5-bis<m-methoxyphenyl)-lmidazole dimen 
o-CI-HABI, I.e.. 1.1"-bllmidazole. 2.2'-bis<o-chloropheny1)-4.4'5.5*-tetraphenyl-; and TCTM-HABI. I.e.. 1H- imi- 
dazole, 2.5-bis(o-cMorophenyl)-4-I3.4-dimethoxyphenyl]-. dinner, each of which is typically used with a hydro- 
gen donor. 
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A preferred group of sensitizers include those disclosed In: U.S.-A 3.652.275: U.S.-A 4.1 62.162; U.S. -A 
4-.© 17.977; and EP-0 362 774 A1. Particularly preferred sensitizers include the following: DEAW. i.e.. cyclo- 
pentanone. 2^-bia[4-(dlethylamlno>phenynmethylene]-. GAS 38394-63-5: JAW. I.e.. cyclopentanone. 2.5- 
bisC(2.3.6.7-tetrahydro-1 H.5l+beri20|l.j3o>iinoltein-1-yl)rnethyienel-: cyclopentanone. 2.5-bfs[2-(1 ,3-dihydro- 

s 1.3.3-trimetrryl-2H-indol-2-ylldene)ethylidene]. CAS 27713-65-6: and cyclopentanone. 2.6-bis-T2-ethylnaph- 
tho{1 .2-d]thiazol-2(1 H)-ylldene>ethylldene]. CAS 27714-26-6. 

Suitable hydrogen donors include: 2-morcap tobenzoxazol e. 2-mercaptobenzothiazole. 4-methyi-4H- 
1 .2.4.triazote-3-thiol. and trie like. Other suitable hydrogen donor compounds, which are preferred for compo- 
sitions which contain N- vinyl carbazole monomer, are 5-chlofo-2-mercaptobenzottiiazole: 2-merca ptobonzo- 

fo thlazole: 1H-1.2.4-triazole-3-thiol; 6-tnoxy-2-rnercaptobenzothiazole: 4-memyl-4H-1.2,4-triazole-3-thiol; 1- 
dodecanethlol: and mixtures thereof. 

Other components conventionally added to photopoJymer compositions can be present to modify the phys- 
ical properties of the recording medium, provided they are compatible with the composition and do not adverse- 
ly affect the properties of the recording medium or the resulting hologram. Such components Include: plasti- 
es cizers. thermal stabilizers, optical brig rite ners. ultraviolet radiation absorbing material, adhesion modifiers, 
coating aids, and release agents. 

The compositions used in the pr efe rred recording element are dry films, and are used as a layer applied 
to a dimensionally stable support. The composition may be directly coated onto the support by any conventional 
method, or may be cast as a film and laminated to the support by conventional methods. In either case the 

so support generally provides only temporary dimensional stability for the photopoJymer film prior to mounting 
on a substrate, and thus the support is releasable from the film. If the recording medium is to be irradiated 
through the support, the support must be transparent to actinic radiation. For some applications, however, it 
may be desired to retain the support as a permanent overcoat or protective layer for the photopolymer film, in 
which case the support and the photopolymer film may be permanently bonded. A preferred support material 

23 is poly ethylene terephthalate film. 

For applications in which a hologram mounted on an opaque substrate is required, it may be desrable for 
the diffusion element support to be an opaque or black film. The support then may be left in place following 
exposure to serve as opaque substrate, or backing, for the hologram. It is then unnecessary to remove the 
support and mount the hologram on an opaque substrate. When an opaque support is used, the film element 

30 Is most readily Irradiated through the coversheet before lamination of the diffusion element to the recording 
medium. Preferred opaque backings are polymer films filled with pigments, such as. for exam pie. carbon black. 
Carbon black filled polyethylene terephthalate film Is preferred. 

The other side of the supported photopolymerizabie layer may have a temporary release film or coversheet 
such as polyethylene, polypropylene, polyethylene terephthalate. or the like. Conventional intermediate layers 

as or coatings may be used to facilitate the adhesive and/or release characteristics needed for the preformed film. 

Typically the coversheet is removed, and the photopolymerizabie layer mounted on a substrate prior to 
exposure. The support may remain in place, acting as a coversheet. during exposure. Exemplary transparent 
substrates which may be selected to advantage include: glass, polyethylene terephthalate film, poly (methyl 
methacrylato). polycarbonate, and cellulose triacetate. 

4fo In the preparation of reflection holograms from the preferred photopolymerizabie compositions, the holo- 

gram is fixed by a second, overall exposure to actinic radiation. If the binder Is poly (vinyl butyral). polyvinyl 
acetate), or a copolymer of vinyl acetate with tetraf iuoroethylene and/or hexafluoropropylene containing 3 to 
26% by weight fluorine, the refractive index modulation of the hologram can be enhanced by heating to 100- 
1 60°C for about 0.6-1 .5 hr following overall exposure. 

-*5 Any convenient light source mat provides actinic radiation of appropriate wavelength and i ntensi ty to ini- 

tiate photopotymertzatlon may be used to expose the diffusion element. The radiation can be natural or arti- 
ficial, monochromatic or polychromatic, incoherent or coherent. For efficient image formation most of the ac- 
tinic radiation should be absorbed by the photo Initiator system. Conventional source of actinic radiation include 
fluorescent, mercury vapor, mercury-xenon, metal additive, and arc lamps. Useful sources of coherent radia- 

ao tion are lasers whose emissions fall within or overlap the absorption bands of the initiator system. Imagewise 
exposure may be carried out through an imagebearing transparency, preferably a half-tone or continuous tone 
color separation transparency. However, other means, such as a modulated scanning laser beam. CRT (cath- 
ode ray tube), and the like, are alternative ways of Imagewise exposing the diffusion element. 

For the exposure of holographic recording element coherent light sources. I.e., lasers, are required. To 1m- 

83 age photopolymerizabie compositions that are sensitized across the visible spectrum, tunable lasers may be 
used that match the broad spectral sensitivity of these materials. 

This Invention Is used to prepare volume phase reflection holograms. Reflection holograms can be used 
as holographic optical elements such as head-up displays and holographic notch filters. Reflection holograms 
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also are suited for use in displays such as in advertising or packaging; in security applications such as credit 
cards, bank notes, lottery tickets, stock certificates, bonds, airline tickets, and the like; and for information 
storage. Other specific uses for reflection holograms will be evident to those sidled In the art. 
The following examples which illustrate, but do not limit, the invention. 

EXAMPLES 

GLOSSARY 



Fluorad® FC-430. fluorinated non tonic surfactant; CAS 11114-17-3; 3M Company, St. 
Paul. MN 

JAW Cycloperitanone. 2.5-blsf2.3.e.7-tetrahydro-1H^H-benzo[iJ]<|ulrK>lizlrH9-yl)memylene]- 

MMT 4-Methyl-4H-1,2,4-triazo4e-3-thio!: CAS 24854-43-1 

NVC IM- Vinyl carbazole: 9-vinyl carbazole; CAS 1484-13-6 

o-CI-HABI 1.1'-Bi imidazole. 2^-bi8[o-chlorophenyl]-4.4'.5.5'-tetraphenyl-; CAS 1707-68-2 

I so par® l Branched-chain aliphatic hydrocarbons, b.p. 1 ©S-206 0 C; Exxon Corporation. Houston. TX 

P hotomer® 4039 Phenol ethoxylate monoacrylate; CAS 5B641-OS-5; Henkel Process Chemical Company. 
Ambler. PA 

PolyCVAc/TFE) 77:23 Poly<viny1acetete/tetrafluoroethylene) 

Sartomer® 349 Ethoxylated blsphenol Adiscrylate: CAS 24447-7S-7; Sartomer Company. West Chester. 
PA 

Vinac® B-10O PoJy(vinylacetete); M.W. 350.000; CAS 9OO3-20-7 Air Products 



To prepare the holographic recording film, a coating solution was prepared containing Vinac® B-1 00 (66% 
by weight of total solids); MMT (2.1)%; Photomer® 4039 (17%); Sartomer 349 (3%); N-vinyicarbazcfe (7.9%); 
o-CI HABI (3.7%); JAW (0.07%); and Ruorad® FC-430 (0.22%) in 19:1 dichloromethane/methanol. The solu- 
tion was extrusion dye coated onto a support of SO micron clear polyethylene terephthaJate film at a speed of 
31 ft/mln (15 cm/sec) using a web coaler. The solvent was evaporated by passing the coated film through a 
three zone drier. The first zone was at 120 0 F (49*C). the second at 140°F (60°C), and the thrd at 160°F (71 °C). 
A covers heet of 23 um polyethylene terephthaJate film was laminated to the coating as It exited the drier. Dry 
coating thickness was 24 um. 

To prepare the diffusion element a coating solution containing Vinac® B-1 OO (66.6% by weight total solids); 
Photomer® 4039 (28%); Sartomer® 349 (3.0%); o-CI HABI (1.5%); MMT (1.5%) and Fluorad® FC-430 (0.2%) 
in 19:1 dichloromethane/methanol was prepared and coated as described above to produce an element con- 
sisting of: covereheet, coating, and polyethylene terephthalate film support. 

The holographic recording film was cut Into an about 10X13 cm sections. The covereheet was removed, 
and the film mounted onto a clear glass plate by laminating the exposed tacky coating directly onto the plate. 
The film support was left in place during the subsequent handling, exposure, and thermal processing steps. 

The glass plate bearing the sample of holographic recording film was tightly clamped between a glass plate 
bearing a zero degree antiref lection coating and a front-surface aluminum mirror with thin layers of Isopar® 
L between the glass plate bearing the anureflectlon coating and the glass plate bearing the sample, between 
the glass plate bearing the sample and the mirror. Holographic mirrors were formed by exposing with a colli- 
mated laser beam oriented perpendicular to the film plane and passing, in order, through the glass plate bearing 
the anureflectlon coating. Isopar® layer, film support, coating, glass plate bearing the sample, and Isopar® 
layer and then reflecting back onto itself off the mirror. Imaging conditions were: 40 mJ/cm 2 at 528.7 nm using 
an argon-ion laser. 20X objective, and 16 micron pinhole. 

After the holographic mirror had been recorded in the holographic film, the aluminum mirror and Isopar® 
layers were removed. The imaged flbn was overall exposed to ultraviolet and visible light from a Theimer-Strah- 
ler#5027 mercury-arc photopolymer lamp (Exposure Systems Corp.. Bridgeport. CT) mounted In a DouthlttfS> 
DCOP-X exposure unit (Douthftt Corp.. Detroit. Ml) for 120 sec (about 150 mJ/cm 2 ). The film was thermally 
processed by heating at 1 00°C for about 30 mln in a forced-air convection oven. 

The film support was removed from the Imaged and exposed film containing the holographic mirror. The 
coversheet was removed from the color diffusion element and the uncovered surface of the color diffusion 
element iamkiated to the uncovered surface of the Imaged and exposed coating to form an element consisting 
of: glass plate, imaged and exposed holographic photo polymer coating containing the holographic mirror, color 
diffusion element coating, and color diffusion element support. The element was exposed in the Douthitt 
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DCOP-X exposure unit with the color diffusion element support feeing the light source. Different regions of 
the element were irradiated for different lengths of time. 

The element was thermally processed by heating at 1 00°G lor about 30 mln In a forced-air convection oven. 
The transmission spectrum of each region of the holographic mirror was recorded using a standard double- 
s' beam scanning spectrophotometer (Perkin Elmer model Lambda-9) with the sample beam oriented perpen- 
dicular to the hologram film plane. The results are shown in Table 1 . 



TABLE 1 



Exposure Tim? Ig?g>* 



O 583 - 6 

5 565.9 

10 537-2 

15 526,3 

20 523 - 7 

25 520.6 



EXAMPLE 2 

The procedure of Example 1 was repeated except that the coating solution for the holographic recording 
film contained Poiy<VAc/TFE) (66% by weight of total solids); MMT (2.1)%; Photomer® 4039 (1 7%J; Sartomer® 
348 (3%); N-vinylcarbazole (7.9%); O-CI HABI (3.7%); JAW (0.076%); and FRjorafT® F0430 <U.22%). The re- 
sults are given in Table 2. 



TftrU.R 7 



Time (sec) * I 


3imuc(nm) 


0 


567. O 


5 


542- 9 


10 


518 .5 


15 


511.2 


20 


507 .8 


25 


507.9 



EXAMPLE 3 

The procedure of Example 1 was repeated except that the front surface mirror was replaced by a dichro- 
mated gelatin hologram master of a graphic arts Image. The master was copied by exposing the film at 57° at 
514 nm with AO mJ I 

radiation at 45°. Observed colors are given In Table 3. 
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Exposure Time LBSgU 1 Color 

O orange-*gold 

5 yell ow-gold 

lO yellow-green 

1 5 green 
20 

a> Tunc the color diffii 



The procedure of Example 3 was repeated exoept that the holographic photopolymer film prepared In Ex- 
bo ample 2 was used in place of the film prepared in Example 1 . Observed colors are given in Table 4. 

TABLE 4 

Exposure Time <sec> * I Color - - 

O deep red 

5 red 

30 lO yel low-green 

15 green 
20 



EXAMPLE 5 

The prccedis-a of Example 1 was followed except that the film was laminated to a the surface of a glass 
plats bearing s dtehrornated gelatin hologram master on the opposite surface to produce an element consisting 
of: film support, photopolymer coating, glass plate, and dichromated gelatin hologram master. The master % 
copied by exposing the film at 58° at 514 nm wRh 40 mJ laser energy. The beam passes through the I 
the photopolymer coating, and the glass plate into the master which reflects it back through the gla 
into the photopolymer layer. 

The Imaged element overall exposed to ultraviolet and visible radiation as In Example 1, and the gla 
plats bearing the hologram master removed. The color diffusion element of Example 1 was laminated to the 
exposed film to prepare an element consisting of: holographic photopolymer film support. Imaged and exposed 
photopolymer coating, color diffusion element coating, and color diffusion element support. 

Two silver halide masks were aligned on top of the color diffusion element support. The first mask con- 
tained line art text and a vignette of Increasing halftone dot density with dot density increasing continuously 
from left to right. The second mask had line art text only. Each mask masked different portions of the color 
tuning film. The color diffusion element was overall exposed through the masks for 60 sec as described in 
Example 1 . The second mask was removed and the color diffusion element was overal exposed through the 
first mask only for an additional 3 sec This exposure fully cures the regions of the color diffusion element not 
covered by the pattering on the masks and partially cures the regions under the second mask but not under 
the fi rat mask. The element consisting of holographic film support, imaged and exposed photopoty i i wr coating, 
imagewise exposed color diffusion element coating, and imagewiee exposed color diffusion element support 
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was heated at 1 0O°C for 30 min as described in Example 1 . 

The color diffusion element waa removed and the hologram observed under broad-band visfole incoherent 
radiation at normal incidence with the lamp at trie proper reconstruction angle. The regions of the hologram 
in contact with the regions of the color diffusion element which were not masked were green. The regions of 
0 the hologram In contact with the regions of the color tuning film covered by the second mask were gold. The 
regions of the hologram In contact with the regions of the color diffusion element which were covered by the 
first mask were red. A gradient in color from red to green was observed In the region of the hologram In contact 
with the regions of the color covered by the vignette halftone region. 

fo EXAMPLE 6 



This example describes a process whereby a three-color hologram may be prepared In a preferred holo- 
graphic recording material. 

A holographic recording material, such as was used In Example 1 or Example 2. Is imaged In a manner to 

is produce a blue reflection hologram. This may be done, for example, by copying a reflection master hologram, 
such as was done in Example 6, using a blue laser line, such as the 467 nm or 4-76 nm line of the argon-ion 
laser, at normal incidence. The imaged recording medium is then overall exposed to ultraviolet and visible light 
as described in Example 1. 

The Imaged and overall exposed recording med lum containing the hologram is removed from the g§&$s. 

2D The covers heet of a color diffusion element such as was described in Example 1 . and the revealed surface 
of the color diffusion element laminated to the imaged and overall exposed recording medium. Immediately 
following lamination, the color diffusion element Is Imagewise exposed to actinic radiation through a photo- 
mask which is transparent where blue Is desired in the final hologram and opaque elsewhere. 

A second photomask, which Is transparent where green Is desired In the final hologram and opaque else- 

23 where, is aligned on the diffusion element. After an appropriate amount of diffusion has taken place to shift 
the response wavelength of the regions of the hologram in contact with the unexposed regions of the diffusion 
element from blue to green, exposure Is carried out through the second photomask. The time n ece ssary for 
this diffusion, which wil depend on the nature and composition of both the diffusion element and the recording 
medium as well as the temperature, can be determined experimentaly. The element made up of the recording 

so medium containing the hologram and the laminated diffusion element is then thermaly processed as described 
in Example 1 to produce a three-color hologram containing the laminated diffusion element as a protective 
layer. 



as Claims 

A process for forming a multicolor volume phase hologram in a substantially solid, transparent, photosen- 
sitive film element comprising: 

<a) holographies! I y exposing said film element to coherent light to record a volume hologram within said 
element; 

(b) Imagewise exposing a dry diffusing element containing monomer to actinic radiation to partially 
polymerize said monomer, 

<c) contacting said film element with said diffusion element for a time sufficient to selectively modify 
the wavelength of light response by the hologram by the diffusion of monomer thereby forming a mul- 
ticolor hologram, and 

(d) polymerizing the monomer that has diffused Into said film element during step <c). 

The process of claim 1 wherein said film element is In contact with said diffusion element at the time of 
the step (b) exposure. 

The process of claim 1 wherein the exposed film and diffusion elements of steps (a) and (b) are brought 
into contact In step <c). 

The process of claim 1 including the step of exposing said film element to multiple exposures of actinic 
radiation to polymerize monomer migrating to said film element from said diffusion element. 

The process of claim 1 or 2 wherein the exposure of step (b> is through a half-tone screen. 
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8. The process of claim 1 wherein the exposure of stop <b) is through a transmissive device. 

7. The proceed of claim 1 wherein the exposure of step (b) te accomplished using a scanning laser or electron 
beam. 

8. The process of claim 1 wherein said diffusion element Is removed from said film element after step (c). 

9. The process of claim 1 wherein said diffusion element remains on said film element after step (c) to serve 
as a backing. 

lO- The process of claim 1 wherein said film eleme n t comprises a photopoiymerizable composition, dichro- 
mated gelatin, or silver haJkJe emission coated on a support. 

11. The process of claim 1 wherein said film element comprises a support that bears a composition comprising 
a photopoiymerizable monomer, a binder, and an initiator system, and wherein either said monomer or 
said binder comprises one or more moieties selected from the group consisting of (1) an aromatic moiety 
selected from the group consisting of (I) substituted or unsubstJtuted phenyl, (II) substituted or unsubsti- 
tuted naphthyl. and (iii) substituted or unsubstituted heterocyclic aromatic moieties having up to three 
rings; (2) chlorine; (3) bromine, and mixtures thereof; and the other constituent is substantially free of said 
moiety. 

12. The process of claim 1 wherein said diffusion element has an opaque support. 



Verfahren zurHerstelung eines mehrfarblgen Vblumenphasen-Hologramms in einem im we sent lichen fa- 
sten, transparenten. I ichtempf ind lichen Filmelement. umfassend: 

(a) hciographiaches Belichten des Fllmelements mlt koharentem Ucht, um ein Volumen-Hologramm In 
dem Element aufzuzsichnen; 

(b) bildweises Belichten eines trockenen. Diff usionselement enthaJtendes, Monomers mit aktinischer 
Strahlung, um das Monomer teitwelse zu polymerlsleren; 

<c) In-Kontakt-Bringen des Filmelements mit dem Diff usionselement wahrend einer Zeits panne, die 
ausrelchend 1st. um selektlv die Weilenlange der Llcht-Antwort durch das Hohlogramm mtttels der Dif- 
fusion des Monomers zu modifizieren. wobei ein mehrfarbiges Hologramm gebildet wind, und 
(d) Polymerisieren des Monomers, das in das Filmelement wahrend Stufe <c) diffundiert tst. 

Verfahren gerndfi Anspruch 1. worin sich das bellchtete Filmelement In Kontakt mit dem Diff usionsele- 
ment wahrend der Zeitspanne der Belichtung in Stufe <b) befindet. 

Verfahren gema& Anspruch 1, worin der belie htete Film und Diffusionselemente der Stufen <a) und (b) 
In Stufe (c) mite faiander in Kontakt gebracht warden. 

Verfahren gemaO. Anspruch 1 . umfassend die Stufe des Aussetzens des Filmelements an mehrfache Be- 
lichtungen mlt aktinischer Strahlung. um das Monomer zu polymerisieren, das von dem Diff usionsele- 
ment zu dem Filmelement wandort 

Verfahren gemaQ- Anspruch 1 oder 2, worin die Belichtung der Stufe (b) durch ein Autotypieraster erfokjt. 

Verfahren gtmBfi Anspruch 1 oder 2, worin die Belichtung der Stufe <b) durch sine durchiassige Vorrich- 
tung erfokjt. 

Verfahren gemaR Anspruch 1, worin die Belichtung der Stufe (b) unter Verwendung eines Abtast- Lasers 
oder Elektronenstrahls erfoigt. 

Verfahren gemfiQ Anspruch 1 . worki das Diff usionselement a us dem Filmelement nach Stufe <c) entfernt 
wfed. 

Verfahren gemafi Anspruch 1 v worin das Diffusion as lament aufdem Filmelement nach Stufe (c) verbteibt, 
um aJs sine Unter lege zu dlenen. 
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1 0. Verfahren gemfia Ampruch 1 , worin das Fihnelement eine photo polymeriaierbare Zusammensetzung. di- 
chrornatlerte Gelatine oder Sllberhalogenid-Emulsion umfa&t, die auf einen Trager aufgetragen let. 

1 1 . Verfahren gemaK Anapruch 1 , worin daa Fllmalement elnen TrHger umfaBt, der elne Zusammensetzung 
stGtzt, umfassand a In p hotopoly me tis Isrtoares Monomer, eln Bindemittel und ein Initiator-System, und 
worin entweder daa Monomer Oder daa Bindemittel einen oder mehrere Reete umfafit, ausgewaJilt aua 
der Gruppe bestehend aua (1) elnem aromatischen Rest, ausgewahlt aua derOruppa baatohand aus (I) 
substitulertem Oder unaubetituiertem Phenyl, (ii) au bat ituiertem Oder unaubatituiertem Naphthyl und (iii) 
aubatituierten Oder unsubetituierten heterocyclischen. aromatischen Reaten mlt bis zu drei Ringen; (2) 
Chlor, (3) Brom und deren Mlechungen; und wobel der andere Baatandtail Im %&&&&ntlichen kelnen der- 



12. Verfahren gemaB. Anapruch 1. worin das Diff us ionse lament einen undurchaichtigen Trager hat. 



P raced A de construction par difference de phase d'un hologramma, polychrome, aur una pellicula ou film, 

eenalblement aoilda, trans pare nte. pho to sensible, conalatant en: 

(a) una exposition holograph iojue da la pellicula a una lumlere coherente afln crenreglet rer I 'hologram- 
ma aur lad Re pellicule; 

<b) una exposition par aerie d'images d'un monomers charge d'un element diff uaantaac a una radiation 
actinique afin da poJymeriser partial I emant led it monomere; 

<c) una miaa en contact de lad He pellicula a vac I ad It element diff us ant pendant una d ure e sufflsante 
pour modifier se l ect ivement la longueur d*onde de la raponaa lumineuse de r hologramma, ce qui par- 
met I'obtention d'un hologramma polychrome at, 

(d) una polymerisation du monomere qui a diffuse dans lad Its pellicule pendant I'etape (c). 



Precede selon la revendlcation 1, dans I equal ladite pellicule eat en contact avec I edit element dlffusant 
au moment de I 'expos It ion de I'etape (b). 

Procede selon la revendlcation 1, ia pellicule exposes et r element diffusant des eta pes (a) at (b) sont 

S (c). 

» d 'exposition de ladite pellicule a. des expositions 
i ayant migre dud it element diffusant dans 

Precede selon la revendlcation 1 ou 2. dans lequel I' exposition dans I'etape <b) s'effectue a t ravers un 
ecran en deml-telnte. 



Precede selon la revindication 1 , I 'exposition dans I'etape <b) s'effectue a t ravers un disposltif qui tran 
met la lumiere. 



7. Procede salon la revendlcation 1 , dans lequei {'exposition dana I'etape (b) s'effectue A I'alda d'un faieceau 
^5 laser ou d'un fatsceau electronique a. baiayage. 

8. Procede selon la revendlcation 1 , dans lequel ledit element diffusant eat sepere de ladite pellicule apraa 
I'etape (c). 

9. Precede selon la revendlcation 1, dana lequel led It element diffusant reste en place aur ladite pellicule 
90 a pre s I'etape (c) pour servir de support. 

tO. Pr oc ede selon la revendlcation 1 , dana lequel ladite pellicule r en fo r m e una composition p hotopol ymeri- 
eable, una gelatine dlehror nat ae ou una emulsion a I'haloganura d'argent appilquee aur un support. 

S3 11. Precede selon la revendlcation 1. dans lequel ladite pellicule com pre nd un support qui porte una compo- 
sition conalatant en un monomere photopoiymerfaabfe, un llant et un syateme d'amorgage, et dana lequel 
ledit monomere ou llant comprend un ou plusieurs elements cholsis dana le groupe const Rue par (1) un 
element aromatic. ue tel que (I) phenyl aubatltue ou nan, (II) naphtyl aubstltue ou non et (IN) elements aro- 
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matiques heterocyd kpjes substitute on non oomportant jusqu'a 3 cycles; <2> chloro; (3) brome et. U 
melanges, et les autres constituents efcant pratiquement exempts desdits elements. 

> 1 , dans I equal led It element diffusa nt est sur un support opaque. 



